take advantage of the variability of autistic traits across individuals (Kennedy, 2009; Sung et al., 2005) . By studying individuals with autistic traits we can gain further insight into, for instance, processing styles and language impairment across the autism spectrum (Almeida, Dickinson, Maybery, Badcock, & Badcock, 2010b; Bayliss & Tipper, 2005; Stewart & Ota, 2008; Stewart, Watson, Allcock, & Yaqoob, 2009 ). In addition, some researchers have proposed that the impairments characterizing ASC may not cluster together and should be studied separately (Happé, Ronald, & Plomin, 2006) . By assessing traits we can assess, in a general population sample, which traits are most predictive of behavior and symptoms, and which traits cluster together (Austin, 2005; Hoekstra, Bartels, Cath, & Boomsma, 2008; Stewart & Austin, 2009) .
Autistic traits as measured by the AQ show high heritability (Hoekstra, Bartels, Verweij, & Boomsma, 2007) , are stable crossculturally, in Dutch, French-Canadian, and Japanese samples (Hoekstra et al., 2008; Kurita, Koyama, & Osada, 2005; Lepage, Lortie, Taschereau-Dumouchel, & Theoret, 2009; Wakabayashi, Baron-Cohen, Wheelwright, & Tojo, 2006) , and are normally distributed in the population (Hurst, Mitchell, Kimbrel, Kwapil, & Nelson-Gray, 2007) . Several studies have found associations between autistic traits as measured by the AQ and behavioral and cognitive measures. The AQ has shown utility as a screening tool in a clinical sample (Woodbury-Smith, Robinson, Wheelwright, & Baron-Cohen, 2005) . The AQ predicts performance on cognitive tasks such as an adapted block design task ) and the Embedded Figures Test (Almeida, Dickinson, Maybery, Badcock, & Badcock, 2010a; Almeida et al., 2010b; Grinter et al., 2009) . Scores on the AQ are related to performance on tests of social cognition such as the "Reading the Mind in the Eyes" task (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001) , gaze preference to social and nonsocial stimuli (Bayliss & Tipper, 2005) and in auditory speech perception (Stewart & Ota, 2008) . Reduced spontaneous facial mimicry also has been reported in high scorers (Hermans, van Wingen, Bos, Putman, & van Honk, 2009 ).
The AQ correlates negatively with the Empathy Quotient ( Baron-Cohen & Wheelwright, 2004; , and with scores on measures of interpersonal functioning, such as the Friendship and Relationship Quotient (Baron-Cohen & Wheelwright, 2003) and the UCLA Loneliness scale (Jobe & White, 2007; Russell, 1996) . Jobe and White (2007) found individuals with higher AQ scores to have fewer and shorter friendships. AQ is positively correlated with length of marriage and is inversely correlated with relationship satisfaction for husbands (but not wives; Pollmann, Finkenauer, & Begeer, 2010) . AQ is inversely correlated with left hemisphere language dominance, similar to the atypical patterns of hemispheric asymmetry characteristic of individuals with autism (Lindell, Notice, & Withers, 2009 ). Studies also have assessed the relationship of the AQ with other personality and clinical measures. A moderate relationship has been found between the AQ and the Big Five personality dimensions, in particular Extraversion and Neuroticism (Austin, 2005; . Scores on the AQ are related to obsessional personality scores and to higher scores on depression and anxiety scales (Kunihira, Senju, Dairoku, Wakabayashi, & Hasegawa, 2006) .
Taken together, these findings suggest that AQ serves an important role in our understanding of autistic traits. The AQ has shown good test-retest reliability (Baron-Cohen, Wheelwright, Skinner, et al., 2001; Hoekstra et al., 2008) and moderate to good internal consistency (Hurst et al., 2007; Kurita et al., 2005; Stewart & Austin, 2009 ). However, some aspects of the AQ require further study. For instance, the structure originally proposed by BaronCohen, Wheelwright, Skinner et al. (2001) has not been consistently replicated. To date following factor analysis of the AQ 50-item questionnaire, one study found a two-factor model, in a Dutch sample, which included a broad factor of social interaction together with a second factor, Attention to Detail (Hoekstra et al., 2008) ; two studies have shown a three-factor structure of Social Skills, Details/Patterns, and Communication/Mind Reading (Austin, 2005; Hurst et al., 2007) ; and Stewart and Austin (2009) found a four-factor model of Socialness, Pattern, Understanding Others/ Communication, and Imagination. Although these studies do not agree on a factor structure, all of the studies agree on a Social factor and an Attention to Detail factor.
Baron-Cohen, Wheelwright, Skinner et al. (2001) original conceptualization included items relating to cognitive factors that are not diagnostic and are not included in diagnostic manuals or in other conceptualizations of autistic traits. The Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; American Psychiatric Association, 2013), proposed a dyad of social and communication impairments. It is interesting and informative in light of this new conceptualization to assess which items from the AQ carry the most weight.
Researchers have identified the utility of having a short screening scale for frontline health professionals in identifying ASCs. The AQ-Short and the AQ-10 (Allison, Auyeung, & BaronCohen, 2012; Hoekstra et al., 2011) were developed for this purpose. The AQ-10 may have particular utility in primary care settings where for instance the average appointment time is less than 15 min, meaning that a questionnaire can be completed and decisions made in real time. In the case of the AQ-10, two items were taken from each domain with the greatest discriminatory power; and in the case of the AQ-Short, items were selected through a series of steps including inspection of the items, exploratory factor analysis of both the whole scale and the domains, and confirmatory factor analysis per domain and across all the factors.
In this study we assess whether the AQ has hierarchical properties, tested using Mokken scaling. Hierarchical scales allow the presence of a latent trait to be identified by discovering whether and how many specific items form an ordered array along it. In other words this analysis identifies whether the items of the AQ are consistently ordered relative to one another giving an indication of the relative position of each item on the latent trait assessed by the scale. As an illustration of this concept, if a high jumper were to successfully clear 2 m they would not be asked to clear 1.95 m or 1.9 m as these heights are easier. Likewise, if, on a scale an individual endorses an item indicating a certain level of autistic traits, they are likely to also have endorsed all items indicating lower levels of the same latent trait. However, this cannot be taken for granted, and whether items fall into this hierarchy can be tested empirically. As far as we are aware there are no published studies assessing this scale using such analysis.
Although the AQ was not developed with deliberate hierarchies of items and not, specifically, developed using Mokken scaling, the method has been retrospectively applied to a range of scales in psychology with some interesting results. For example, hierarchiThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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2 cal scales have been useful in assessing constructs such as neuroticism (Watson, Deary, & Austin, 2007) , happiness (Stewart, Watson, Clark, Ebmeier, & Deary, 2010) , psychological distress (Watson, Deary, & Shipley, 2008) , and feeding behavior in dementia (Watson, 1996) . One measure, the General Health Questionnaire (GHQ; Goldberg, 1978) , is often used to assess psychological distress and well-being in the general population. It has several forms with 60, 32, 28, or 12 items. Watson et al. (2008) , using Mokken scaling, identified nine items from the GHQ-30 that form a useful and reliable scale. This may be relevant in the development of a shorter scale to reduce the burden on participants to complete long questionnaires. Analysis such as this would give empirical evidence to the weighting of particular traits being used in other scales such as the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 1989) . In sum, this study first allows us to assess which autistic traits are higher in the hierarchy for individuals in the university sample; which traits are higher in the hierarchy for individuals on the autism spectrum; and whether these traits are similar in both groups. Second, this study not only informs us more about the AQ itself, but could lead to the development of an extremely useful screening tool. In addition this study adds to the body of knowledge regarding the weighting of individual traits and adds empirical evidence regarding weighting to particular traits.
Method
Mokken scaling is a nonparametric application of item response theory. Unlike Guttman scaling, from which Mokken scaling is derived, Mokken scaling is stochastic as it allows for a probabilistic relationship between latent traits and item scores (Sijtsma & Molenaar, 2002) and can accommodate measurement error. Guttman scaling items, on the other hand, are deterministic (Katz, 1988) and assume a perfect relationship between the relative scores on items and their relationship to the latent trait. In response to a difference in the level of the latent trait, a Guttman item scores dichotomously (e.g., "ϩ" or "-"). As such, for the scores on pairs of items, for example item i and item j, it is envisaged that the pattern of relative scoring on these items is always the same. If item j represents more of the latent trait than item i, then item i will always be scored ϩ before item j and if item j is scored ϩ then item i will also be scored ϩ. Mokken scaling incorporates Guttman scaling but assumes that there is a probability distribution between the extent to which the latent trait is present and the score on an item and, likewise, in the relative scores of items. A recent comprehensive and relatively nontechnical description of Mokken scaling-including invariant item ordering, discussed in the following-has recently been published (Watson et al., 2012) and readers are referred to this for a fuller understanding of the method and its application. Windows compatible software is available for running Mokken scaling analysis and the parameters generated to evaluate Mokken scales include Loevinger's coefficient (H), which is an indicator of unidimensionality in Mokken scales, and values should exceed 0.3 to indicate the presence, at least, of a weak Mokken scale (Molenaar & Sijtsma, 2000) . The reliability of Mokken scales can be evaluated using a test-retest type statistic () that should exceed 0.7 to indicate a reliable scale (Sijtsma & Molenaar, 2002) . The probability of obtaining a Mokken scale can be evaluated using a Bonferroni (for multiple iterations) corrected p value (Molenaar & Sijtsma, 2000) and parameters are generated (Crit) to indicate whether item response functions (IRF) violate the model of monotone homogeneity (i.e., that the score on the item increases progressively as the latent trait increases (Sijtsma & Molenaar, 2002) .
Invariant Item Ordering
Provided all of the earlier parameters are acceptable then an important property to investigate in Mokken scales is invariant item ordering (Sijtsma & Junker, 1996; Sijtsma, Meijer, & van der Ark, 2011) 
Participants
Two groups of participants were recruited. Group 1. There were 943 participants who were recruited from universities. Participants were recruited as part of other ongoing projects, none of this sample reported having a diagnosis of ASC. Participants either completed and returned the questionnaires immediately or returned the questionnaires to an investigator after completion. Participants were recruited from across universities from a range of schools and departments. Participants included both undergraduates and postgraduates. All participants were volunteers. Participants were invited to take part only if English was their first language. There were 465 men, 475 women, and three people who did not indicate their gender. Fifteen individuals did not give their age, the mean age of the remaining 928 participants was 23.0 years (SD ϭ 8.4). All participants gave informed consent and all were included in the analysis. A small proportion (3.5%) omitted one or more items and these individuals were excluded from further analyses, leaving a sample total of 910.
Group 2. There were 449 participants with ASC who were recruited; 402 were diagnosed with Asperger syndrome and 47 with high functioning autism. There were 209 women, and 240 men. The mean age of the group was 35.4 years (SD ϭ 12.8). They were recruited via an online portal through a research center and all had a diagnosis of ASC from an experienced professional using DSM-IV (American Psychiatric Association, 1994) or International Classification of Diseases-10 criteria (World Health Organization, 1994) . All the participants were included in the analysis.
Ethical approval was given prospectively by the local University Ethics Boards.
Materials
AQ. The AQ (Baron-Cohen, Wheelwright, Skinner, et al., 2001 ) is a self-administered questionnaire comprised of 50 items. This document is copyrighted by the American Psychological Association or one of its allied publishers.
It consists of five subscales, each containing 10 questions assessing: Social Skills, Communication, Imagination, Attention to Detail, and Attention-Switching. Half the questions are worded to elicit an agree response and the other half, a disagree response. The test was administered as a pen-and-paper task. Participants were asked to answer each question as quickly as possible by circling their response on a 4-point scale ranging from 1 (strongly disagree), 2 (disagree), 3 (agree), to 4 (strongly agree). The items were scored on a continuous Likert scale as this retains more information about the participants' responses than the original 0/1 scoring method (e.g., Baron-Cohen, Wheelwright, Skinner, et al., 2001) . Use of all the response option choice information also increases the interitem correlations, scale reliability, and validity coefficients (Muñiz, Garcia-Cueto, & Lozano, 2005) . A total AQ score was calculated by summing scores for each item, with a maximum score of 200. This scoring method has been used previously Stewart & Ota, 2008) .
Procedure
Data were entered into SPSS for descriptive analysis and then converted into formats suitable for analysis using Mokken Scaling Analysis in Windows and in R. In both sets of data a search for scales was initiated starting at H ϭ .05 and then through increments of .05 up to H ϭ .50 to test for the existence of multiple dimensions in the data. For both sets of data the search setting of H ϭ .30 in Mokken Scaling Analysis for Windows was used to extract Mokken scales. The scales initially obtained were checked for violations of the model of monotone homogeneity and violating items were removed on the basis of Crit values Ͼ 40 as recommended by Molenaar and Sijtsma (2000) . Using the recently described method (Kuijpers, van der Ark, & Croon, 2013 ) the 95% confidence intervals were calculated for H for item pairs, items, and the scale. Where 95% confidence intervals for scale and item H include the lower bound level for a weak scale (.30) this is reported and for item pairs, the 95% confidence intervals should not include 0. The resulting scales were entered into R and checked for invariant item ordering using method manifest invariant item ordering.
Results

Group 1
The results of the Mokken Scaling Analysis are shown in Table  1 . A moderately strong Mokken scale (H Ͼ .40) was obtained which was reliable ( Ͼ .70) and statistically significant (p Ͻ .001). The scale included 10 items ranging from "New situations make me anxious" (M ϭ 2.58, SD ϭ 0.88), items relating to difficulty in communicating with others, through to social skills such as "I would rather go to a library than a party" (M ϭ 1.53, SD ϭ 0.81). Taking reverse scoring into account such that high scores on these items indicate a greater level of the latent trait (i.e., items that are not reverse scored, e.g., "I am good at social chit-chat" should be seen as indicating that the respondent does not enjoy social chit-chat) then the items are arranged such that those with a higher mean score (and thereby a greater level of social inhibition) are more readily endorsed than items with a lower mean score. Therefore, the AQ Mokken scaled items are arranged in a hierarchy from the least level of difficulty, one of being anxious in social situations, to one where the respondent would avoid social situations. In between, the arrangement of items is entirely sensible indicating a greater level of social inhibition as the respondents move from situations where they find it difficult to communicate to ones where they really do not seek or enjoy social situations. The AQ Mokken scale shows an acceptable, but weak, level of invariant item ordering at H T ϭ .32. For items 13 and 15 the 95% confidence intervals for H included .30; none of the item pair H included 0.
No items were included from the Attention to Detail or the Imagination scale and only one from the Attention Switching scale. The majority of the items were made up of Social Skill and Communication items.
Group 2
The results of the Mokken Scaling Analysis are shown in Tables  2, 3 , and 4. Three scales were extracted, all with moderately strong Mokken scales that are reliable and statistically significant (p Ͻ .001). The first, described in Table 2 , is congruent to that identified in Group 1. Ten items were retained in the scale with nine of the This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
10 items in common with the scale obtained from Group 1. Although inclusion and ordering of items is not the same the scale runs-taking the reverse scoring of items into account-from "I find social situations easy" (reverse scored; M ϭ 3.76, SD ϭ 0.56) to "I enjoy doing things spontaneously" (reverse scored; M ϭ 2.96, SD ϭ 0.98) thus showing a hierarchical scale in terms of difficulty in social situations through communication difficulty ("I frequently find that I don't know how to keep a conversation going") to greater difficulty meeting people and attention switching. The main difference between Group 1 (university students) and Group 2 (people with ASC) is that the mean scores are generally much higher, especially for items in common in the scale from Group 2. The scale shows invariant item ordering (H T ϭ .24) but not at a sufficient level of accuracy. For Items 22, 26, and 34 the 95% confidence intervals for H included .30; none of the item pair H included 0.
Two further Mokken scales were derived from Group 2. Table  3 shows a scale with six items composed entirely of items related to imagination and the scale in Table 4 is composed entirely of four items related to attention to detail. Both the scales show acceptable but low invariant item ordering (H T Ͼ .30). A hierarchy of items can be envisaged in Table 3 in which finding it "difficult to imagine what it would be like to be someone else" (M ϭ 3.26, SD ϭ 0.91) is easier for someone with ASC to score than-taking reverse scoring into account-not finding it "easy to create a picture in my mind" (M ϭ 2.17, SD ϭ 1.11) represents a greater level of the latent trait of imagination. Likewise, in Table 4 the two items that are easier to score (M Ͼ 3.00) are concerned with noticing things while the more difficult items (M Ͻ 3.00) are concerned with fascination. For Items 23 and 42 the 95% confidence intervals for H included .30; none of the item pair H included 0.
Discussion
In this study we tested whether hierarchical scales could be formed from the AQ in both a sample of typical adult students and a sample of individuals with ASC. The AQ was not deliberately designed with hierarchies of items and there is no reason a priori why hierarchies of items should be found. Nevertheless, beyond some discoveries in other psychological instruments, it is possible that some items in the AQ are more representative of the autism condition, and by endorsing those particular items other items become redundant. If this is consistent in sufficiently large groups then this can be detected using Mokken scaling; then this is inherently interesting and potentially useful. It provides further insight into the structure and functioning of the AQ and also further insight into the underlying traits.
Mokken scales were formed in both samples. In the university sample one Mokken scale was obtained from 10 items while in the sample of individuals with ASC three scales were obtained from 20 items; the remaining items in both groups were rejected on the basis that they did not fit the criteria for Mokken scaling. All four scales would be considered moderately strong (H Ͼ .40; Molenaar & Sijtsma, 2000) , and are highly reliable. According to criteria for sample size adequacy in Mokken scaling (Straat, 2012 ) the sample This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
5 sizes here are likely to be adequate due to the range of scale H values; the 95% confidence intervals for some items includes the lower bound value of .30 but the items are included here in the scales; in future work, these could be omitted to see if this improves scale properties. In both samples the first scale comprises 10 items, nine of which overlap, although these overlapping items are not anchored in the same order. The majority of these items are related to social skills, with some items relating to communication. In the DSM-5 (American Psychiatric Association, 2013) there is an emphasis on social interaction and communication. In addition, in scoring for the ADOS (Lord et al., 1989) , a measure that aids diagnosis, there are more social interaction items, and a greater weighting on social interaction in the diagnostic algorithm than communication; imagination/creativity are not included within the algorithm. Both Mokken scales have a dominance of social interaction items; however, communication is also important with some communication items being among the most difficult.
In the individuals with ASC, three latent traits were found. The first was made up of items relating to social skills. The additional two latent traits relate to Imagination and to Attention to Detail. The similarity in the first latent trait between the university sample and the sample in individuals with ASC is striking. However, two additional latent traits emerge in the clinical sample, but not in the university sample. It is interesting that in the university sample, there were no items relating to the original AQ's domains of Attention to Detail or Imagination and only one item relating to Attention-Switching, however, in the participants with ASC, Imagination items were included in the second Mokken scale and Attention to Detail in the third.
This raises some questions. How much do these second and third latent traits add to the characterization of individuals with ASC? Is there something specific about this sample, or about the measure itself, the AQ? Do these items help define ASC? It may be that the additional latent traits are more specific to ASC, and that although some aspects of ASC lie on a continuum, others are categorical and only emerge in individuals who meet diagnostic criteria for ASC. It may be that individuals with ASC respond differently to people in the general population on AQ items or that the AQ (50 items) does not accurately represent autistic traits, and that a shorter version may be more appropriate. It would be useful to include ratings by others such as friends and carers, and to include a range of autistic trait measures to identify if any latent traits are unique to the questionnaire. In addition, there may be something specific about this particular sample of individuals with ASC or with the university sample, which may not be representative of the general population. The participants included in this study were mainly individuals with Asperger syndrome, and it may be that, for instance, the attention to detail latent trait, which has been identified from cognitive studies, is particular to this group and not to individuals with ASC per se. One further difference between the samples is that the individuals with ASC were older than the university student sample. Age could have an effect on response patterns on the AQ, although effects of age on autistic traits have not previously been found. Age cannot be covaried in Mokken scaling.
Nevertheless, although the items in the first latent trait are in the main consistent with diagnostic criteria, there is very little emphasis on restricted repetitive and stereotyped patterns of behavior. The items in the second and third latent traits relate to imagination and attention to detail, which are not considered diagnostic features of ASC (although sensory hypersensitivity, which relates to attention to detail, is now part of the DSM-5 criteria for autism). These items do not appear to be high in the hierarchy when measuring autistic traits, nor are they weighted in diagnostic assessment instruments, such as the ADOS. Whether this study has identified differences in the autistic trait profile between these groups still needs to be established as it remains to be tested how important the items from the Mokken scales are clinically and how important they are in predicting behavior. There may be differences between the groups in traits but these may not be related to diagnostic criteria, for instance, a lack of relationship has been found between cognitive features that are present in individuals with ASC and indexes of autistic symptomatology (Pellicano, Maybery, Durkin, & Maley, 2006; Teunisse, Cools, van Spaendonck, Aerts, & Berger, 2001) . Given that mainly Social Skills and Communication items were included in the Mokken scale for the university sample, this raises questions of construct underrepresentation concerning the excluded items and whether important domains have been excluded. The analysis shows that their item response functions overlap with the other items, and that they do not add to the model, however, it remains to be tested whether this will influence the utility of the shortened scale either as a screening tool or as a predictive measure of behavior.
The value-added nature of Mokken scaling is demonstrated in the present study. Partly, existing knowledge about the structure of that AQ has been confirmed but new information has also been gained. The main Mokken scale related to social skills is evident in both samples and shares many items in common in both samples. In addition, the hierarchical nature of these items is demonstrated and this enables the overall score on the latent trait to be more accurately related to specific items in the scale. This is not possible using factor analysis, where a score could in theory be composed of any set of items. A difference, as yet to be explained This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 6 fully, is observed between the two samples in terms of the sets of items that are extracted into Mokken scales with two additional scales being observed in the sample of peoples with ASC. In both cases a hierarchy of items was evident. These items may be useful in developing shorter scales that may have greater utility as they are less time consuming (Allison et al., 2012) . The Mokken scales must go through rigorous validation studies to test whether they are related to clinical variables and whether they are predictive of autistic behaviors. Short scales that are self-report would be of great clinical utility if they are indeed useful as screening tools. We therefore recommend that studies are completed to validate the Mokken scales found in this study, and to test whether the Mokken scales show sensitivity and specificity in screening for ASC. Assessing the hierarchical structure of the autism spectrum may help inform whether a dimensional approach adds more utility to assessing change and development of autistic traits and characteristics across time, over and above a categorical approach (Russo et al., 2014) . Little is known about life span changes in autistic traits or autistic characteristics, and whether throughout development particular characteristics or traits are more or less prevalent or more or less severe in an older group than a younger one. Nor is anything known about interaction between traits or characteristics across the life span. This hierarchical approach may help inform regarding developmental changes in the weighting of particular traits or characteristics. It would therefore be interesting to assess whether these Mokken scales hold across the life span.
The current study has limitations in the ability to generalize beyond the recruited samples. The university sample all had English as their first language and is in the main comprised of UK nationals. No data were recorded regarding ethnicity. To test whether the findings can be generalized to the general population a community sample would need to be recruited. The ASC sample is limited in that the majority was diagnosed with Asperger syndrome, therefore the study would need replication in a group which is more representative of ASC. However, given that in this case we were testing a self-report instrument rather than another report instrument it would only be applicable to those with high functioning autism. In addition, DSM-5 makes no distinction between high functioning autism and Asperger syndrome.
This study shows that the AQ has hierarchical properties both in a general population student sample and in individuals with ASC. There are some differences in the derived scales between the two groups; however, it remains to be tested what these differences in the latent traits found are due to. The AQ is known to be a useful screening measure (Woodbury-Smith et al., 2005) . This study raises the question of whether we can reduce this screening questionnaire down to 10 items, relating to social interaction and communication. It is perhaps intuitive that there are some behaviors that can be labeled as being very characteristic of an individual with ASC. For both those in the typically developing population and individuals with ASC, we can conclude that a resistance to being around other people, chatting with them, and enjoying social situations are especially important indicators of autistic traits. The present study confirms the utility of the AQ as a single instrument that can dimensionalize autistic traits in both the general population and clinical samples of ASC, and identifies that the items of the AQ are consistently ordered relative to one another, giving an indication of the relative position of each item on the latent trait assessed by the scale.
